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(54) Farnesyl pyrophosphate synthase (FPS) derived from seedlings of sunflower (Helianthus 
annus) 

(57) The present invention provides nucleotide and 
peptide sequences of an isolated cDNA coding for sun- 
flower farnesyl pyrophosphate synthase, a key enzyme 
for the structurally diverse class of isoprenoid biosyn- 
thetic metabolites. The present invention also provides 
the recombinant plant expression vector comprising 
said nucleotide sequences and for the host cell into 
which said DNA sequence in the recombinant plant 
expression vector has been introduced to produce 
transgenic tobacco plants. Transgenic plants express- 
ing heterologous farnesyl pyrophosphate synthase 
show 2-fold increase in seed production, higher chloro- 
phyll contents in leaves and stronger drought-stress tol- 
erance, as compared to non-transgenic or control 
vector-transformed tobacco plants. 
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Description 

BACKGROUND OF THE INVENTION 
s Field of Invention 
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Description of the Prior Art 



- ^U^^^<2^ - ^Phosphate 

enzyme m isoprenoid biosynthesis that suppiciJSSS^^^^ 08 ^ (FPP) Synthase is a ^ 
elites, such as sterols, carotenoids. and prenyl quinoneTes^dl Classes of metab 

prenoid biosynthetic pathway is built areunJ of ovS^ Y^* 96 ™** 5 caratenogenesis. The iso- 
increasing number of isoprene units Beginnina wZ£ rV^T ? P * 6516,8 0f nnear "■«** that contain an 
- (Farnesyl pyrophosphate C20 (GG^E^SS^.^': 3 S6rieS ° f C1 ° ^cTs 

- 4' addition of feopenteny. pyrophosphate to JZtZT! P^^nates are formed by me , • 
fam,ly of prenyltransferases that are highly se. Jv« e c a ^nU C H ° nde " sat ' on ™<*°™ »» catalyzed by a 
substrates and products. FPP is the precuL of te^2S,2^ T, f d0Ubte b ° nd ^chemistry of both 
and lies at a multip.e branch point of the isopreT* it^ZZZt^lT^^ ^ 83 ph * oa,exins 
* eral thousands of natural plant products are known to o2e from 1 • ^ do 9 enesis a "<* carotenogenesis. Sev- 
ens A, E and K, gibberellines, abscisic acid Tteo o3,« th6 r Pren °' d P3,hwa y includin 9 ^'^ophylls vita- 
steps of natural rubber biosynthesis ^u^Z^ J?""" *« f ■"«*"»« of FPS in the Sal 
genes have been reported previously in different o^nfJ™T ^ ° "sopentenyl pyrophosphate into rubber FPS 
4607-46,4). yeast (ChambSn eta/.. Curr Sent ^ ( "" n J " ** ChGm - «*> »S 

" f R em rt *J>; ™™». rubber tree (Ught 25, TSi JtS TsBS S^fa^T (CUni " 6ra 1996 J ' Bi ° ' 
Bactenol. 1989 171(10): 5654*658). Isopren^ation s a do^1^ ( , ' ^f 8 " 60 ^' a " d £ «* eta/., 
sary ; but not sufficient, for the efficient Ls^T^^^^r^ n * ^ed to be necesi 
-ficabons have been shown to be required for proper IT*** t0 membranes - Additional mod- 

prote,ns in mammanan and yeas, cells. Attachment ^ "» ' U,1ction * feoprenylated 

:SaT~ proteinp — 

CUSSSKESSm M T o b, fa mes, group from farnesy, 

necessary for the subcellular localization of these pro^efrL in Te IT T th6 ' r ^^rmini. This process^ 

• achvity of oncogenic variants of Ras. making fo ^e transforming 

required for the membrene partition and function of s^e JoZL J ' T*™ tnera P eutics - Famesylation is 
-tors (FTls) were developed to prevent Ras proceSS for tnT^f ?. ^ Fwna ^^ transferase inhib- 
the inhibitors of protein prenylation have beeZwZT^T I " Ca " CenS harborin 9 ™^d Ras Thus 

1999 140 (2) : 698-704; Kohl eta,, Science^ S£SS 6) "JXT" * ^ ^ " *■ ^doon"^ 

s farnesyl pyrophosphate synthase show two fold increaS m Led ^L T 596 ™ plants W^lng heterelogous 
stronger drought-stress tolerance, as compared to 2 t2™ h '9her chlorophyll contents in leaves and 

[0004] comparison of the amino acTsequenT^P?^ ™****«™« tobacco p.ants 
regions wiff .high similarity. As a first step to character the L^ofSs TT % ° T" Sh ° W " five dteti "« 
that rt encodes a functional FPS. The 35S promoter h«l,f * „ S> We have ctoned a p PS cDNA and shown 

> enzyme farnesy, pyrophosphate synthase wTinJcTced SISSTi 8 ^ (KCTC 05208P >' whi <* 

gen,c tobacco plants (Mcofena tabacum L) Thes^nstTct ^^S^ ^ examined in *e uans- 

CM in tobacco in a random manner. Overproduced ™Zt 0 2?J? ° V6rp " }duc,io " ° f yi pyrephosphate 
changes in T 0 p,ant, including darker pigmentation £ taitli rT* mor Pho'o9ical and physiological 
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since growth and development is governed by a complex interplay of different genes and their products. One way to 
increase the productive capacity of biosynthesis would be to apply recombinant DNA technology. 
[0006] The skills described in this invention will give the agricultural advantages inherent in the transgenic plants as 
described below. The method this invention includes introducing the sense strand construct of pFPS, regenerating the 
plant transcribes the nucleotide sequence, and selecting plants which showing dramatic changes in the plant life span, 
overall seed yield, flower numbers and chlorophyll content The recombinant expression cassette can be introduced 
into the plant tissue using Agrobacterium or by a sexual cross. 

[0007] This invention further provides methods of conferring enhanced growth and development. Although this 
invention described in conjunction with tobacco plants, these skills may also be used to control growth and development 
in plants other than tobacco plants. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention concerning the Farnesyl Pyrophosphate Synthase (FPS) of sunflower 
(Helianthus annus) herein is: 

(a) to amplify and sequence sunflower FPS cONAs by using a pair of universal FPS oligonucleotides probe, 

(b) to express FPS cDNAs in bacterial cells and to carry out functional complementation assay in yeast mutant to 
verify its function, 

(c) to generate a line of transgenic tobacco plants to observe the influences of the overexpression of sunflower Far- 
nesyl Pyrophosphate Synthase (SFPS) in vivo, 

(d) to produce more numbers of flowers in the plant life time and to produce more than double amounts of seeds in 
the transgenic plants. 

[0009] The present invention provides nucleotide and peptide sequences of an isolated cDNA coding for sunflower 
farnesyl pyrophosphate synthase, a key enzyme for the structurally diverse class of isoprenoid biosynthetic metabo- 
lites. The present invention also provides the recombinant plant expression vector comprising said nucleotide 
sequences and for the host cell into which said DNA sequence in the recombinant plant expression vector has been 
introduced to produce transgenic tobacco plants. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Other objects and aspects of the invention will become apparent from the following description of embodi- 
ments with reference to the accompanying drawings in which: 

Figure 1 depicts the patterns of the expressed sun flower farnesyl pyrophosphate synthase protein in Escherichia 
coit on a Coomasie Blue stained gel. In each lane, 10 jig of protein was loaded and separated on a 10-20% Gra- 
dient SDS-polyacrylamide gel electrophoresis, followed by Coomasie Blue staining for visualization. Lane 1 , clone 
1; lane 2, clone 2; and lane 3; molecular weight marker. Arrow indicates a band of overexpressed protein (Mr 
31,000). 

Figure 2 depicts the rescue assay of the SFPS in yeast CC25 mutants. 

Figure 3 depicts the expression of the SFPS in the transgenic tobacco plants. Total RNA samples from different 
transgenic tobacco plants were purified and probed with ^P-random primed SFPS. 

Figure 4 depicts spectrophotometry determination of chlorophylls in plant extracts performed on two sets of sam- 
ples; whole plants of (a) four-week-old transgenic and non-transgenic tobaccos, and (b) three-month -old leaves of 
seven -month-old transgenic and four-month -old non-transgenic tobacco plants. 

Figures 5 depicts (a) Comparison of FPS-transgenic and control tobacco plants. Note Leaf greenness after seed 
setting, (b) Seed collections of FPS-transgenic and control tobacco plants, (c) Seven- month-old FPS-transgenic 
and four-month-old control tobacco plants. Picture was taken seven months after transplanting to soil 

Figure 6 depicts the expression patterns of mRNAs for senescence-related cysteine protease and ribulose-1,5 
bisphosphate carboxylase/oxygenase. 
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EXAMPLE 1 
cONA cloning 



P'atedonLB/tetrocyclinep^ ^ ? ^ « «~ were 

» inoculated in 50m! sterilized LB supp.emented 0 SmSTS? I u ^ We,l - S0,ated si "9<e colony was 
37«C w*h shaking (250 rpm in a rota^ shaS) Sna X „ le *" T" 31 

tose induces the maltose operon. which contains the gene (temB) ^^feTi^^T™, the mal ' 

of their instability SOL-R cells were keot in LB mprfi, ,m a t «rTi ?Tt b actenophage X receptor. Because 
tubes and spin for 8 sec at the^ull speefl in^nSZL 2. TranSfer 5 ml ° f SOL - R 06,18 int ° E PP*" d o<f 

f density wa/road at «W SS^SS ^S^Z^^? "5? " - ** 
mm) containing 0.1 ml of diluted bacterial cite XffiLn^ J the Fa,con ,ubes < 13 "™ x 100 

20 min to allow the phage pSS£S aS ol bSL h ' ™ e tUbGS Wefe inCUbated at 37 ° C *»' 

0.7% Top agarose in LbU ^ JS^^^^S^ *°* °* Were inCUbat ^ 

Top agarose was added to each tube vorteld nnh«„ J J < Prec,s,on )- After incubation 8 ml of molten 

-^-efutiyfore^ 

were moved to 37°C incubator, inverted and allowed to grow ' Thours Mer 7 hou^T ha ^J hen - the P lates 
bating was continued a few more hours to obtain confluentty lysed pTates To ZlT?T t T T** *"* 
NaCI/10mM MgSO 4 7H ? O/50 mM Tris dH 75/0 01»/ r»il?l J, confluent plates. 8 ml of SM (10 mM 
The f,uids were'transfemad I 'SL ^^S^^Z^^^ST^ T" " 1 * ~ 
transferred to new tubes and 50 ul of DNase and RNaseMn ™lf topr f prtate debns - The supernatants were 
overnight at 4«C Equal volume of 2 M NaQ ^TbG^^^I^T^ ^ ^ ^ " 
ice for 3 hours. Then, tubes were spun at 12.000 rpm for 20 mTn After and incubated °" 

were resuspended in 500 0 of SM without Nad and Gelatin and 25 ll of 20% ST2 J? TTT* ^ 
were added. The suspensions were briefly vortexed and ESfj for ™ Jin t 1 * ^ ^ 73 
then cooled down to room temperature and 500 pi of PCI (^saturaldl^ - S ^ ^ ^ Were 
were added to each tube and spun at 5 000 mm ftrYn* tZ P - Chlorofornl : "soamylalcohol = 25:24: 1 ) 
and equal volumes of chlorofo^^ d t0 tubaa 

mixed with 3 volumes of EtOH with 2 M ammonium acetate. oSrnJw SbSon 7^C 122 "™ ^ ^ 
mg of restriction enzyme digestible DNA in each tube 'ncubation at -20 C produced approximately 1 

KLoS c acid on the basis of sfce 

open ends o, the plastic tray in L gel L wero J?J!S2Z ESS! J**!"? ™ e 
amount of the agarose and IxTAE (40 mM Trte-acetate/ iTm Pn ^ u o « P °" 1,16 bench - The """^ 

Placed on a Mettler scale to be weUed^n^^w^l^ " °> t0 3 Erienme y er ^ and 

rose complete* dissolved, with gentie Sg" "coa S^S^E^'SSSn"" ^ ! ° f a9a " 
to its original volume by adding H z O on a Mettler ProoerWnount SSS^n"? ,? We ' 9hed again and adjusted 
into the plastic troy with a des'ed comb. A^S^^^^JT^ ^ a " d me 961 WaS poured 
fiiled with 1 x TAE just enough to cover me ge, ££13 atouM S^SlT T ■ n,en ' 
buffer (0.25% Bromophenol blue/0.25% Xylene S^fSSTfiXh^ Sl^f"?*" W6re ^ 96 ' '° adin9 
and .oaded using a automatic pipette. The gel «^un S a SSJJ S2f JT?" " f°° " d ^ °" fce 
cro away from cathode end of the qel The oel was tLn Lw ? ^ Unt " ^ Bromo Phenol blue reached to 1 
graphed using a Polaroid vXSSSSSl «T °° " W "'"^ (FOt0dyne) a " d photo - 

EXAMPLE 2 

Polymerase Chain Reaction using degenerate primers 

[001 3] We developed a universal oligonucleotide probe based on the reoortPd ppq m „ 

PCR amplification using a X2AP cDNA library made with IST^SaK? se ^ e ;^ wh«ch was used for 
used for enzyme amplification of farnesyl S^*^^ ° f 

Primer 1 : 5«- CAR GCH TWY TTY CTT GTD CTT GAT GAY ATH ATG -3' 
Pnmer 2: 5'- TKM ACS ACY AWC CAA GAR CAT YTR AAA TC -3'. 
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[001 4] Total plasmid DNA extracted from a pool of cONA library, 1 u.g, was used in a 50 uJ reaction mixture contain- 
ing 5 uM of primers 1 and 2, 0.2 mM dNTPs, 1 .5 mM MgCI 2 , 1 0 mM Tris, pH 8.3, 50 mM KCI, and 2.5 u Taq polymerase. 
The samples were overlaid with a drop of sterilized mineral oil to minimize evaporation. The first cycle was run at the 
condition of 2 min 94°C, 1 .5 min 50°C, 3 min ramp to 72°C, 1 .5 min 72°C. The next two cycles were run 1 min at 94°C, 
5 1 .5 min 50°C, 3 min ramp to 72°C, and 1 .5 min 72°C. After these preruns, 32 cycles of amplifications were carried out 
at 1 min 94°C, 1 .5 min 55°C, 1 .5 min ramp to 72°C, and 1 .5 min 72°C. From the PCR products, 10 ul of aliquots were 
mixed with same amount of loading buffer and separated on a 1 % Agarose geL 

EXAMPLE 3 

10 

Nucleotide sequencing of the amplified nucleic acid fragments 
Subcloning of PCR products 

75 [001 5] Cloning of PCR products as blunt ended fragments has been very inefficient due to the template independ- 
ent terminal transferase activity of Taq polymerase, which results in the addition of a nucleotide at the 3' end of the frag- 
ment. In most cases, it is adenosine because of the strong preference of the polymerase for dATP. 
[0016] pGEM plasmid DNA was digested with Eco RV (NEB) overnight (10 \ig pGEM DNA/6 uJ Eco RV buffer/1 0 
jig BSA/20 units Eco RV/81uJ H 2 0). Digested DNA was precipitated in 0.5 M NaCI and 3 volumes of EtOH (-20°C) for 
20 3 hours at - 20°C and spun down. The pellet was resuspended in 100 uJ H 2 0 and run on a gel to check the complete 
digestion. Then, the digested vector was incubated with Taq polymerase (Promega) (85 uJ digested vector/10 ut Taq 
polymerase buffer/ 2 u.l dTTP (1 00 mM)/3 jx! Taq polymerase) to remove 3' overhang with its exonuclease activity. A drop 
of the mineral oil was overlaid and the mixture was incubated at 70°C for 2 hours in a thermal cycler. Then, the sample 
was mixed with 2 volumes of phenol/chloroform/lsoamylalcohol and spun for 5 min at 14,000 rpm, followed by chloro- 
us form extraction. The supernatant was carefully mixed with 2 volumes of EtOH and incubated in -80°C for 20 min. It was 
spun at full speed for 5 min and the resulting pellet was resuspended in 100 ul of 0.1 x TE. The PCR products were then 
incubated with T-vector (2.5 u.l 4x Ligation buffer/2 u.l pGEM T-vector/1 u1 PCR product/ 1 uJ T 4 DNA ligase/4.5 uJ H 2 0) 
at 12°C overnight. 4x Ligation buffer contained 400 mM Tris, pH 7.5, 80 mM DTT, 20 mM ATP, 40 mM MgCi 2 , 400 u.g/ml 
BSA and was stored at -20°C. Frozen DH5-a competent cells were thawed on ice. The ligation mixture containing 2 u.1 
30 of p-Me, 3 uJ of Ligase, and 50 u.l of DH5ct cells was prepared and incubated on ice for 30 min. followed by heating at 
42°C for exactly 60 sec. The tube was immediately chilled on ice for 2 min. 450 u.l of LB was added and incubated at 
37°C for 1 hour at 250 rpm in a shaker. A quarter of mixture was plated on X-gal/IPTG/Amp plate, and the plate was 
incubated at 37°C overnight. And over 50 clones were initially analyzed by restriction endonuclease mapping followed 
by sequencing data from each end of the cDNA using vector sequences as primer sites. 

35 

DNA sequencing 

[0017] Supercoiled template DNA (3 jig) was resuspended in 1 8 jil of TE, pH 8.0. The sample was incubated for 5 
min at room temperature after adding 2 u.l of 2 M NaOH to denature the template DNA. Then, 8 u.l of 5 M NH 4 OAc, pH 

ao 7.5 and 1 00 uJ of EtOH were added and incubated for 1 5 min on ice. The denatured DNA was pelletted and dried under 
vacuum. Dried DNA was resuspended in 7 u.l of H 2 0 and mixed with 1 uJ of primer (0.5 pmol/uJ) and 2 uJ of 5x Seque- 
nase buffer. The mixture was incubated at 65°C for 2 min and cooled to RT. Diluted labeling mix, DTT, a-^PJdATR and 
diluted sequenase were added and incubated at room temperature for 2 min. Termination mixtures were added* to 4 
aliquots (A,C,G,T) and incubated at 42°C for 2 min. To each tube stop solution was added and the samples were heated 

45 at 95°C for 2 min before loading on gel. The samples were separated on 6% acrylamide gel at constant power 35W for 
the time required getting optimal resolution of the sequence of interest After running, the gel was placed on a piece of 
3MM paper and covered with Saran wrap. The gel was then dried for 30 min at 80°C under vacuum drier (Bio-Rad) and 
exposed to Kodak X-Omat film overnight at RT The sequence of the sample was read and analyzed using MacVector 
Sequencing Analysis Program. 

50 

EXAMPLE 4 

Screening the cDNA library 
55 Preparation of radioactive probe 

[0018] Plasmid DNA was isolated from a 500 ml culture of clone number 327 using the Maxi-prep kit (Promega). 
The inserts were isolated by digesting with restriction enzymes of Kpn i and Sac I from 50 ng of plasmid DNA. Plasmid 



c 
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55 



■ 

4 

DNA was digested with Sac I for 2 hours at 37°C and oreciDitated with 95°/ Ftnn ^ • u. ^ t 
was cut with Kpn , under the same condfco, A,l of £SX£Z S ^£72 ^ *t2E? ^ 
were iso.ated using «ow meiting Agarose. After separating the inseSs on gel. the gel was JSJlST 
mmator and the location of the inserts was marked. Then the agarose gel toward L StrTodTsidt olZ^JTJ 
; cut off using a Wade and 1% low melting agarose solution was poured L the Co^ts^s 1™ Z 
phoresed Into the low melting agarose region. The low me.ting agarose was excfeL ^n eoua.^Z! %Z 

melt the agarose block. The dissolved gel slices were.combined in a tube and one volume of ohenol/chlZfaZ 
amylafcohol (25:24:1) was added, followed by chloroform /Isoamylalcohol. EtO^UlSTn^ntmZ^ 
o under vacuum and resuspended in TE, pH 8.0. Isolated inserts were .abe.ed using a Muftiprime DNA^eHna .S 
(Amersham). For one reaction, approximately 25 ug of DNA was used as a tPmni af » t„ "™ P UNA Labeling Kit 
water was added to 2! p, (in 50p< reaction) .n-lh.Z£iS!^^ ^ 
on ice. While the template DNA was denaturing the reaction was set up (" £ IS drS P £ 5 a. ReaSJn ^ «1 

pH 8.0) was added to stop the reaction. The labeled DNA was seoarated *n,m^.. I ' 
umn was made in 1 ml disposable svrinoe (Becfon-oSI^ s W ar *™ «s.ng spun-column chromatography. The col- 

g.ass woo. (Alltech mJLSmS JS!S2£2*- Eo«^ffff 3 "«"■ ° f Sterile 
trfcige tube and spun at i .500 rpm for , min. The X s^^ 

the Eppendorf tube. The radioactive sample wa^toadeo fand w^£o*™?°l 7"^ *** *"> the ^ °' 
from the labeled probe. The effluent wasLnsferred to, ^JS52S£ ITISST* ^ ^"f^ 
ration rate of the labeled nucleotide was calcufeted by measure redloacS of TuTof ^TnT* 
passing through the column. The ,abe,ed DNA was uL as a probe ^ ST 

[0019] To don. fern^i p^ptosppa. g, Ppcteilopp.gep contain™ apnllo,., cONA linn, 

EL re ^ amina i i0n ° f . 3,1 C '° ned FPS en2ymeS reveated a consenred «*» acid. 50 clones were initially ana 
lyzed by restriction endonuclease mapping followed by sequencing data from each end of * I ^ f 2 

sequences as primer sites. From these clones we selected and cLraSeSed a 3)NA. su^pf T^ 
enzyme when converts DMAPP to FPP for synthesis of sterols, farnesylated oroteins nnd hinh ■ ^ 

EXAMPLE 5 

Assaying for enzymatically active fusion proteins using thermal sensitive yeast mutants 

10021] As nucleotide sequencing analysis was completed, an expression vector was constructed usina nf^PT 
fusion protein system for protein expression and P YES2 for yeast complementation asiaT^ stp-fnl^ 9 P 
expressed and partially purified and size of the products was checked TSSml!^ f P ° V6r " 

rorrryces cerev/s/ae FPS mutant complementation ^a^Tte^f^fl^^t^^'sFira Tm** SaC ^ ha ' 
vector was amplified by PGR usinga pair of modified oligos, 7s-3 CGG SESSStS S^J^ 
BIENTCG CGA GGC GAA TTG GGT Am rrr d^d w 1 A GG CCT CTG ATC TCA AGT C and 

clones were selected -X^* ^ « J" P-» 

picked and frozen glycerol stocks were made 50 ul OIlJ^SSSS^ * ?" ! P0S,t,Ve d ° neS W6re 
ing 50 pl/ml ampicillin and incubated at STC ^L JS^^^ Z T* S ° m ' ° f LB M - 

pre-warmed LB/Amp. When the O D600 reached £££££ ft ^ S^^^SSl" ^ °' 
The culture was incubated for 4 more hours and harvested at ? oon mm wTc . Wa ™ e i d to act,vate ,he La= operon. 
removed. The peHets were resuspended in 1 ?J^££Z^£ZTJ£ TbSSST, 
erol. and 0.2% NP^fO. Cell suspension was sonicated 4 times 30 seconds ea^ , «™ £ T * % 9ly °" 
Sonicator(B ra nson,andspunat 1 ,OOOm mfor3 o min . e ,™^^^ 
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u.m filter (Amicon). Level of induction of sfps protein was checked by running a gel of the protein extracts. 
[0022] 1 0% PAGE was utilized in this study. The lower gel was made using a gradient maker (Hoeffer Sci.). A gra- 
dient maker was placed on the magnetic stirrer at setting 3 on a scale 1 0. 1 0% gel mixture (2.2 ml H 2 0/ 2.9 ml 2 M Tris 
buffer, pH 8.8/ 2.6 ml 30% acrylamide/ 40 uJ 10% ammonium persulfate/ 40 uJ 20% SDS/ 10 \i\ TEMED for 7.8 ml gel 

5 solution) was added into the lower concentration chamber and mixed with 20% gel solution (0.2 ml H 2 0/ 2.9 ml 2 M Tris, 
pH 8.8/ 4.6 ml 30% acrylamide/ 40 uJ 10% ammonium persulfate/ 10 ul TEMED for 7.8 ml gel solution) in the gradient 
maker. The mixture was pumped by two peristaltic pumps (Pharmacia) into a mini gel cassette (Bio-Rad). The lower gel 
should be set in 30 minutes at room temperature. The gel solution was filled into two sandwiches to a level about 2 cm 
from the tops. The slabs were overlaid with the water-saturated n-Button with a greased syringe with 22 gauge needle. 

w Gently apply about 0.3 ml of overlay. Repeat the other side of the slab next to the other spacer. The butanol layers were 
set evenly across the entire surface after a minute. A very sharp butanol-gel interface was visible when the gel was 
polymerized. The lower gel can be poured the night before use and stored at room temperature after covering with a 
strip of Parafilm on its top. The butanol layer was poured off by tilting the casting stand. The surface of the gel was 
rinsed with 20 ml of distilled water. Then 3 ml of gel overlay buffer containing 0.5 M Tris-HCI, pH 8.8 and 0.1% SDS in 

15 water was added and allowed to sit at least one hour. The gel overlay solution was removed using a syringe with 22 
gauge needle. Upper stacking gel (1 . 1 ml of H 2 0/ 0.4 ml 4 x Upper Tris / 0. 1 5 ml 30% acrylamide/ 8 uJ 1 0% ammonium 
persulfate/ 3.3 uJ TEMED for a volume of 5 ml) was made and 0.5 ml of it was used for washing the top of the stacking 
gel before adding AP and TEMED. The gel solution was tilted few times and poured off from the gel cassette. Upper 
• well-former comb was left in place until the samples were ready to be loaded. Each well immediately was washed after 

20 removing the upper well-former comb with reservoir buffer using 1 0 ml syringe with 22 gauge needle. Samples contain- 
ing 10 to 15 u.g protein and prestained low molecular weight markers (Bio-Rad) in sample buffer were adjusted to 1% 
P-mercaptoethanol and 3% SDS. Then they were heated at 65°C for 1 5 min before loading. Desired amount of samples 
were then loaded with Pipetman attached PAGE loading tips. The gel was run at 10 mA constant current/gel cassette 
until the dye front had just moved into the resolving (lower) gel, then the current was turned up to 20-25 mA/gel. Run 

25 until the dye front was reached 0.5 cm from the bottom. The distinct overexpressed protein band was observed in the 
Coomaste blue staining gel at 31 ,000 Da corresponds with the predicted molecular mass of the FPS. The protein profile 
is shown in Figure 1 

Yeast complementation assay on of FPS 

30 

[0023] To check if the sun-FPS1 encodes a functional enzyme, the cDNA was expressed in the mutant yeast (Sac- 
charomyces cerevisiae) strain CC25, which is a temperature sensitive mutant strain that carries the leaky mutation 
erg20-2. Therefore this mutant is auxotrophic for ergosterol at a nonpermissive temperature (36°C) . An expression vec- 
tor pYES2-SFPS in 6am HI and Xho I sites was constructed. Mutant yeast was transformed with pYES2-sun-FPS1 , car- 
35 rying a sunflower FPS1 cDNA under the control of the GAL1 promoter. As shown in Figure 2, the ergosterol auxotrophy 
of the yeast mutants was complemented by the plasmid pYES2-sun-FPS1 at 36°G: The presence of FPS DNA in the 
rescued yeast were checked by PCR amplification and reveals that this introduced protein is able to replace yeast FPS 
enzyme activity and even restore following biochemical steps. 

40 EXAMPLE 6 

Plasmid construction of SFPS and transformation 

[0024] As mentioned earlier, FPP is the precursor of the structurally diverse class of sesquiterpenoids and lies at a 
45 multiple branch point of the isoprenoid pathway, especially in steroidogenesis and carotenogenesis. The isolation of the 
FPS cDNA and the description of the gene have made it possible to perform the effects of overexpression in different 
host systems. To measure the SFPS enzyme activity in vivo and to investigate the effects of the FPS overexpression to 
either steroidogenesis or carotenogenesis, we constructed an agrobacterium-pCIP-SFPS binary vector to generate 
transgenic tobacco plants. It is also necessary to determine whether the SFPS1 is functional in vivo and overexpression 
so in sunflower itself works positively in metabolism and, thus, the recombinant Agrobacterium clones (pCIP-SFPS) 
encoding FPS enzyme now was constructed for generating transgenic plants. 

A. Generation of the transgenic Sunflower Famesyl Pyrophosphate Synthase (SFPS) Tobacco. 

55 [0025] As mentioned earlier, FPP is the precursor of the structurally diverse class of sesquiterpenoids and lies at a 
multiple branch point of the isoprenoid pathway, especially in steroidogenesis and carotenogenesis. To measure the 
SFPS enzyme activity in vivo and to investigate the effects of the FPS overexpression to a target plant we constructed 
an agrobacterium-pCIP-SFPS binary vector and generated the transgenic tobacco plants. The 850 base pairs of insert 
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in pGEM vector was cut out with Bam HI and Nru I and purified from a agarose gel after 1% TAE-agarose gel runnina 
using gel purification kit (Qiagen). PBI121 digested with Bam HI and Nru I and the purified insert DNA fragment was 
mixed with DNA l.gase with an appropriate buffer and incubated at 16°C overnight. One positive clone (clone #668) 
checked by restriction enzyme digestion after midi scale preparation was used for Agrobacterium transformation Wild 
tobacco plants grown on MS-agar media was collected and sanitized. Agrobacterium strain LBA4404 was grown in LB 
<5g salt/L) until late log/early stationary phase. Pellet cells and resuspend to OD^ = 0.8 in 10mM MgCU 5% sucrose 
0.005% Silwet L-77. Sanrtized leaves were submerged in Agrobacterium suspension and cut by scalpel After submerg- 
ing in Agrobacterium suspension for 15 minutes, leaf, discs were transferred in the shooting MS media (sucrose vita- 
min, NAA 0.1 mg/L and BA 1 mg/L). After incubating for three days in dark condition at 25°C incubator remaining 
Agrobacterium was rinsed off with autoclaved distilled water and leaf discs were transferred to a fresh MS agar plate 
(sucrose, vrtamin. carbenecillin. 250mg/L. kanamycin 100 mg/L. NAA 0.1 mg/L and BA, 1 mg/L). Subcultures were 
made every week during next four weeks with increased amount of kanamycin for transformants selection When 
shoots came out. they were transferred to fresh MS stabilizing media (sucrose, vitamin, carbenecillin. 2S0mg/L and 
kanamycin 200 mg/L) and left for 2 weeks. Selected transformants were transferred to root induction media (1/2 MS and 
sucrose) until roots come out. After three to four weeks, survived transgenic tobacco plants were transplanted in soil 
and grown at 27°C green house. 

B. Characterization of the transgenic tobacco 

[0026] To verify the expression of the introduced SFPS in different transgenic tobacco plants, genomic DNA sam- 
ples were punfted. To isolate genomic DNA from transgenic tobacco plants, freeze-thaw method was used Flash frozen 
leaves were ground in liquid nitrogen cooled mortar-pestle and transferred in clean 25 ml Corex tubes. Lysis buffer (20 
mM Tns, pH 8.0/100 mM EDTA/100 jig/ml Proteinase K), and SDS was added to 0 5% 

1 ™ , T ! le T tUre W3S incubated 31 70 ° C for 1 5 min - f °"° wed by addition of Proteinase K to a final concentration 
J? . % ™ t6d 31 37 °° overni 9 hL After incubation, equal volume of Tris buffer-saturated phenol was 

added, followed by an equal volume of chroloform: isoamylalcohol (24:1) and mixed on Lab Quake for 1 hour The sam- 
ple was vortexed at full speed and spun at 14,000 rpm for 5 min. The upper phase was transferred to a new tube and 
added 400 pi of chloroform: isoamylalcohol. After brief vortexing, the sample was spun and the upper phase was saved 
in a new tube. One tenth volume of 3 M Sodium acetate, pH 8.0 and two volumes of absolute EtOH (-20°C) were added 
and mixed gently back and forth. Then the tube was incubated over night at -20'C. DNA was pelleted by spinninq at 
5,000 rpm for 5 mm at 4°C. After spinning, supernatant was discarded carefully with a vacuum connected drawn^ut 
Pasteur pipette. One milliliter of 70% EtOH <-20°C) was added, washed, spun, and removed. The pellet was then dried 
on a speed vac (Savant) under vacuum to evaporate off the excess EtOH. The DNA was then suspended in 50-100 

° f TE, JL H J ° 00 mM ^ PH 8 0/1 mM EDTA) checked and stated. Same oligonucleotides used for the sub- 
clonmg SFPS insert were used for PCR amplification at a high stringency condition. PCR products generated from 
samples of transgenic tobacco plants were then digested with Xba I, which will generate 760 base pairs and 150 base 
pair fragment Selected transgenic tobacco plants with those fragments were grown further and expression level of 
introduced SFPS in the transgenic tobacco plants was checked by Northern blotting. 

Northern blot 

L 0< ^f L u IT 1 Rr l A SamP ' eS Wefe PUri<ied USing Tri reagent (Si9ma >- Final| y- *» P ellet "« tesuspended in 400 ul of 
djstiMed H 2 0 treated with DEPC (diethylpyrocaroonate). and quantitated by reading the absorption of a 1 00-fold dilution 
at 260 nm on a Beckman Du 8 spectrophotometer. 

[0029] Native analytical gels containing 1 .5 ug of RNA from each sample of isolated RNA were run to assure that 
degradation had not occurred. After this, aliquots containing 10 pg of random total RNA were separated electrophoret- 
icaHy and transferred onto Nytran membrane. The RNA was transferred onto Nytran that had been wetted in distilled 
H z O and soaked in 20X SSPE for 1 5 min. The transfer was carried out in an apparatus similar to that used for Southern 
transfers for 24 hours, with 20X SSPE as the transfer buffer. Deglyoxylation of the transferred RNAs was accomplished 
by incubating the membranes in 0.02 M Tris, pH 8.0 at 100°C, for 5 min. Radioactive SFPS probe generated as above 
were used forthis experiment Prehybridizations, hybridizations, and washes for RNADNA hybridizations were done as 
described for DNADNA hybridizations. Autoradiography was also carried out as with Southern hybridizations Northern 
Wo analyse shows that the mRNA encoding sun-FPS1 is of high abundance, and the messages were present in the 
leaf ana stem (Figure 3). 

[0030] Overexpression of FPS results the delayed senescence in aged plants and few parameters of the delayed 
senescence were examined, including chlorophyll content, relative amount of the of Rubisco and cycteine protease 
Leaf senescence is known to be an active, regulatory developmental process ultimately resulting in cell death during 
which valuable metabolites are recovered for use by the growing (Weaver et al, 1998). Decline of photosynthetic activity 
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is observed as the cells are stripped of their components and the contents of protein and nucleic acid drops several 
folds and starch and lipids are metabolized (Lers et ai, 1998). 

EXAMPLE 7 

Measurements of chlorophyll contents in the leaves of the SFPS overexpressing transgenic tobacco plants 

[0031] Growth of transgenic and non-transgenic plants was monitored and there was no significant difference in 
their growth of transgenic and non-transgenic plants except darker pigmentation of transgenic one (Figure 4a, and 4b). 
Spectrophotometric determination of the chlorophylls in plant extracts were done on two sets of samples; whole plants 
of the four-week-old transgenic and non-transgenic tobaccos, and three-month-old leaves of seven-month-old trans- 
genic and four-month-old non-transgenic tobacco plants. Transgenic ones in both cases showed darker pigmentation 
comparing to control ones. Boltings in both groups started within few days. One drastic feature observed in the trans- 
genic one is ({prolonged delayed senescence)) (Figure 5a and 5b). As shown in figure 5 transgenic one continuously 
showed the ((greenness)) until seed collection time. The greenness lasted longer than normal plant, and extra numbers 
of axillary buds and new shoots emerged from the bottom of the branch, due to apical dominance, resulted the extra 
numbers of flowers and its products, seeds (Figure 5c). This long lasting juvenility may be the consequence of higher 
level of gibberellin by fpp overproduction. While some of these morphological changes result directly from the localized 
overproduction of gibberellin, other changes probably result from the mobilization of plant nutrients to tissues rich in gib- 
berellin. 

EXAMPLE 8 

Characterization of the features of the SFPS overexpressing transgenic tobacco plants 
Expression patterns of senescence-associated genes 

[0032] In general, control of senescence is done by nucleus. Though senescence is the series of degrading proc- 
esses of many components, protein synthesis is required. mRNAs encoding photosynthetic proteins, CAB and Rubisco 
are known to decline in abundance during senescence (He et at., 1997) and some mRNAs, cysteine protease, malate 
synthase, and glutamine synthase, showed increase in abundance (Ding eta!., 1993; Oh et al., 1 997). The expression 
of a couple of senescence-associated gene (SAGs), Rubisco and cysteine protease in transgenic and non-transgenic 
tobaccos was compared in response to age. Individual SAGs differed from the norms in different ways, however, sug- 
gesting that their gene products play a role in overlapping but not identical circumstances (He et a/., 1997). For North- 
ern blot analysis, 2, 3, 5, 8, and 23 weeks old transgenic plants and 2, 3, 5, 8, and 16 weeks old non-transgenic 
tobaccos were processed to isolate total RNA samples. End-labeled cysteine protease oligos were used as a probe. 
Northern analysis showed that the mRNA levels of cysteine protease gradually increased during leaf senescence in 
non-transgenic ones (Figure 6a). However, SFPS-transgenic plants showed rather constant level of the cysteine pro- 
tease in all samples. As seen in Figure 6b, expression level of Rubisco remains high throughout the 23 weeks old trans- 
genic plant, but the signal gets weaker in non-transgenic plant In summary, transgenic tobacco plants with an SFPS 
shows, compared with the wild type, higher contents of chlorophyll, higher and long lasting Rubisco contents, and con- 
stant level of cysteine protease, while the control plants confirm the reported results. Due to unidentified reasons, trans- 
genic tobacco plants maintain their juvenility in their stems and leaves, presumably by overproduced gibberellins, and 
apical dominance retains and results continuous axillary budding, higher number of flowers, and higher seed yields. 
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SEQUENCE LISTING 



10 



<110> KOREA KOMHO PETROCHEMICAL CO., LTD. 

<120> sunflower Earnesyl Pyrophosphate Synthase-plant vector 

<130> PX99110/EP 

<160> 2 



15 



20 



25 



30 



35 



40 



45 



50 



<170> KOPATIN 1.0 

<210> 1 

<211> 1347 

<212> DNA 

<213> Helianthus annuus 
<220> 

<221> CDS 

<222> (17) . . (1039) 



<400> 1 
caacaacaca ccaaca 



atg gcc tct gat etc aag tct aaa ttc etc cac 
Met Ala Ser Asp Leu Lys Ser Lys Phe Leu His 
1 5 10 

gtt tat caa act etc aaa tec gaa tta etc aac gat cca gcc ttc gaa 
Val Tyr Gin Thr Leu Lys Ser Glu Leu Leu Asn Asp Pro Ala Phe Glu 

15 20 25 

ttc cac cac gat tct cgt caa tgg ate gat aag atg ctt gac tac aac 
Phe His His Asp Ser Arg Gin Trp He Asp Lys Met Leu Asp Tyr Asn 
30 35 4 o 

gta ccc gga gga aag ctg aat egg ggc etc tct gtt gtt gac age tac 
Val Pro Gly Gly Lys Leu Asn Arg Gly Leu Ser Val Val Asp Ser Tyr 
45 50 55 

cag tta ctt aaa gga gca gaa ctg act gat gat gag att ttt ctt gca 
Gin Leu Leu Lys Gly Ala Glu Leu Thr Asp Asp Glu He Phe Leu Ala 
60 65 70 75 

tct gcc ctt ggt tgg tgc att gaa tgg ctt caa gca tac ttt ctt gtg 
Ser Ala Leu Gly Trp Cys He Glu Trp Leu Gin Ala Tyr Phe Leu Val 

80 85 90 

ctt gat gac ate atg gac ggg tct cat aca cgc aga ggt caa ccc tgt 
Leu Asp Asp He Met Asp Gly Ser His Thr Arg Ar^ Gly Gin Pro Cys 

95 100 105 

tgg ttc aga tta ccc aag gtt ggt atg att get gca aac gat gga ttg 
Trp Phe Arg Leu Pro Lys Val Gly Met He Ala Ala Asn Asp Gly Leu 
11° 115 120 

att ctt cgc aac cat gtc cca aga att etc aaa aag cat ttt cga gga 
He Leu Arg Asn His Val Pro Arg He Leu Lys Lys His Phe Arq Glv 
12 5 130 ' 135 



49 



97 



145 



193 



241 



289 



337 



385 



433 



55 



■ * 
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aag ccg tat tat gtg gat eta gtt gac eta ttc aac gag gta gaa ttc 
Lys Pro Tyr Tyr Val As? Leu Val Asp Leu Phe Asn Glu Val Glu Phe 
140 145 150 155 

caa aca gec tct gga cag atg att gat ttg ate act aca ctt gtt gga 
Gin Thr Ala Ser Gly Gin Met He Asp Leu He Thr Thr Leu Val Gly 

160 165 170 

gaa aaa gat etc tea aag tat tea ttg tct att cat cgc egg att gtt 
Glu Lys Asp Leu Ser Lys Tyr Ser Leu Ser He His Arg Arg He Val 

175 180 185 

cag tac aaa acc get tat tac tea ttt tac ctt cct gtt get tgt gcg 
Gin Tyr Lys Thr Ala Tyr Tyr Ser Phe Tyr Leu Pro Val Ala Cys Ala 
190 195 200 

etc ctt atg ttc ggt gag gat ttg gac aat cat gtt gaa gtg aag aat 
Leu Leu Met Phe Gly Glu Asp Leu Asp Asn His Val Glu Val Lys Asn 
205 210 215 

gta ctt gta gaa atg ggt acc tat ttt caa gtg cag gac gat tat eta 
Val Leu Val Glu Met Gly Thr Tyr Phe Gin Val Gin Asp Asp Tyr Leu 
220 225 230 235 

gac tgt ttt ggt get ccc gag gta att gga aag att gga aca gac att 
Asp Cys Phe Gly Ala Pro Glu Val He Gly Lys He Gly Thr Asp He 

240 245 250 

gaa gac ttt agt tea tgg eta gtt gta aaa get ttg gaa ctt gee aat 
Glu Asp Phe Ser Ser Trp Leu Val Val Lys Ala Leu Glu Leu Ala Asn 

255 260 265 

gag gaa caa aag aaa gtc eta cat gaa aat tat gga aaa aaa gac ccc 
Glu Glu Gin Lys Lys Val Leu His Glu Asn Tyr Gly Lys Lys Asp Pro 
270 275 280 

tct teg gtt gca aaa gtg aag gaa eta tac aac act eta aat ctt cag 
Ser Ser Val Ala Lys Val Lys Glu Leu Tyr Asji Thr Leu Asn Leu Gin 
285 290 295 

ggc gta ttt gaa gat tat gag age cac agt tac aag aag eta ate acg 
Gly Val Phe Glu Asp Tyr Glu Ser His Ser Tyr Lys Lys Leu He Thr 
300 305 310 315 

tec att gaa ggt cac cca age aaa gee gta caa gca gtg ttg aaa teg 
Ser He Glu Gly His Pro Ser Lys Ala Val Gin Ala Val Leu Lys Ser 

320 325 330 

ttc ttg gga aag ata tac aag agg caa aag t aggtaattta tcctaccaaa 
Phe Leu Gly Lys He Tyr Lys Arg Gin Lys 

335 340 

taattttttt gtgtttttac tatgtgtaat aagatttcta cattgtttgt aacaactgtt 

ttgtagtttc tggattcgtc gtttttaatg ttctttattg acaatttttt tgagttattt 

gttggattac gagtaggtcg aaattttgta atatcaattg ggctagatgg ttagacttta 
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4 * 

acattcgtga cgctattttg taatctttcg ggttccagct tcttgctggc ccagtttcta 
tatcttgtta tatagaagtt tcgccgttca aaaaaaaaaa aaaaaaa 



1300 
1347 



w 



<210> 2 

<211> 341 

<212> PRT 

<213> Helianthus annuus 



15 



20 



25 



30 



35 



AO 



45 



<400> 2 

Met Ala Ser Asp Leu Lys Ser Lys Phe Leu His Val Tyr Gin Thr Leu 
1 5 10 15 

Lys Ser Glu Leu Leu Asn Asp Pro Ala Phe Glu Phe His His Asp Ser 

20 25 30 

Arg Gin Trp He Asp Lys Met Leu Asp Tyr Asn Val Pro Gly Gly Lvs 
35 40 45 

Leu Asn Arg Gly Leu Ser Val Val Asp Ser Tyr Gin Leu Leu Lvs Glv 
50 55 60 

Ala Glu Leu Thr Asp Asp Glu He Phe Leu Ala Ser Ala Leu Gly Trp 
65 70 75 80 

Cys He Glu Trp Leu Gin Ala Tyr Phe Leu Val Leu Asp Asp He Met 

85 90 95 

Asp Gly Ser His Thr Arg Arg Gly Gin Pro Cys Trp Phe Arg Leu Pro 

100 105 no 

Lys Val Gly Met He Ala Ala Asn Asp Gly Leu He Leu Arg Asn His 
115 120 125 

Val Pro Arg He Leu Lys Lys His Phe Arg Gly Lys Pro Tyr Tyr Val 
130 135 140 

Asp Leu Val Asp Leu Phe Asn Glu Val Glu Phe Gin Thr Ala Ser Gly 
145 150 155 160 

Gin Met He Asp Leu He Thr Thr Leu Val Gly Glu Lys Asp Leu Ser 

165 170 175 

Lys Tyr Ser Leu Ser He His Arg Arg He Val Gin Tyr Lys Thr Ala 

180 1B5 190 

Tyr Tyr Ser Phe Tyr Leu Pro Val Ala Cys Ala Leu Leu Met Phe Gly 
195 200 ' 205 

Glu Asp Leu Asp Asn His Val Glu Val Lys Asn Val Leu Val Glu Met 
210 215 220 



50 



Gly Thr Tyr Phe Gin Val Gin Asp Asp Tyr Leu Asp Cys Phe Gly Al 

225 230 235 



a 

240 



Pro Glu Val lie Gly Lys He Gly Thr Asp He Glu Asp Phe Ser Ser 

245 250 255 



55 
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Trp Leu Val Val Lys Ala Leu Glu Leu Ala Asn Glu Glu Gin Lys Lvs 

260 265 270 

Val Leu His Glu Asn Tyr Gly Lys Lys Asp Pro Ser Ser Val Ala Lys 
275 280 285 

Val Lys Glu Leu Tyr Asn Thr Leu Asn Leu Gin Gly Val Phe Glu Asp 
290 295 300 

Tyr Glu Ser His Ser Tyr Lys Lys Leu He Thr Ser He Glu Gly His 
305 310 315 320 

Pro Ser Lys Ala Val Gin Ala Val Leu Lys Ser Phe Leu Gly Lys He 

325 330 335 



Tyr Lys Arg Gin Lys 

340 



EP 1 063 297 A1 



SEQUENCE LISTING 



<110> 



KOREA KUMHO PETROCHEMICAL CO., LTD. 



w 



15 



20 



25 



30 



35 



40 



45 



50 



.<120> sunflower Farnesyl Pyrophosphate Synthase-plant vector 
<130> PX99110/EP 



<140> 



<141> 



<160> 



EP 99202021.4 



1999-06-22 



<170> KOPATIN 1.0 

<210> 1 

<211> 1347 

<212> DNA 

<213> Helianthus aanuus 
<220> 

<221> COS 

<222> (17) . . (1039) 



<400> 1 
caacaacaca ccaaca 



atg gcc tct gat etc aag tct aaa ttc etc cac 
Met Ala Ser Asp Leu Lys Ser Lys Phe Leu His 
1 5 10 



gtt tat caa act etc aaa tec gaa tta etc aac gat cca gcc ttc gaa 
Val Tyr Gin Thr Leu Lys Ser Glu Leu Leu Asn Asp Pro Ala Phe Glu 

15 20 25 

ttc cac cac gat tct cgt caa tgg ate gat aag atg ctt gac tac aac 
Phe His His Asp Ser Arg Gin Trp He Asp Lys Met Leu Asp Tyr Asn 
30 35 40 

gta ccc gga gga aag ctg aat egg ggc etc tct gtt gtt gac age tac 
Val Pro Gly Gly Lys Leu Asn Arg Gly Leu Ser Val Val Asp Ser Tyr 

45 50 ... 55 , - - 

cag tta ctt aaa gga gca gaa ctg act gat gat gag att ttt ctt gca 
Gin Leu Leu Lys Gly Ala Glu Leu Thr Asp Asp Glu He Phe Leu Ala 
60 65 70 75 

tct gcc ctt ggt tgg tgc att gaa tgg ctt caa gca tac ttt ctt gtg 
Ser Ala Leu Gly Trp Cys He Glu Trp Leu Gin Ala Tyr Phe Leu Val 

80 85 90 

ctt gat gac ate atg gac ggg tct cat aca cgc aga ggt caa ccc tgt 
Leu Asp Asp He Met Asp Gly Ser His Thr Arg Arg Gly Gin Pro Cys 

95 100 105 

tgg ttc aga tta ccc aag gtt ggt atg att get gca aac gat gga ttg 
Trp Phe Arg Leu Pro Lys Val Gly Met lie Ala Ala Asn Asp Gly Leu 
110 115 120 

att ctt cgc aac cat gtc cca aga att etc aaa aag cat ttt cga gga 
He Leu Arg Asn His Val Pro Arg He Leu Lys Lys His Phe Arg Gly 
125 130 135 



45 



97 



145 



193 



241 



289 



337 



38 



4 33 



55 
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w 



15 



20 



25 



30 



35 



40 



aag ccg tat tat gtg gat eta gtt gac eta ttc aac gag gta gaa ttc 
Lys Pro Tyr Tyr Val Asp Leu Val Asp Leu Phe Asn Glu Val Glu Phe 
140 145 150 155 

caa aca gec tct gga cag atg att gat ttg ate act aca ctt gtt gga 
Gin Thr Ala Ser Gly Gin Met lie Asp Leu lie Thr Thr Leu Val Gly 

1€0 165 170 

gaa aaa gat etc tea aag tat tea ttg tct att cat cgc cag att gtt 
Glu Lys Asp Leu Ser Lys Tyr Ser Leu Ser He His Arg Arg He Val 

175 180 185 

cag tac aaa acc get tat tac tea ttt tac ctt cct gtt get tgt acq 
Gin Tyr Lys Thr Ala Tyr Tyr Ser Phe Tyr Leu Pro Val Ala Cvs Ala 
190 195 200 

etc ctt atg ttc ggt gag gat ttg gac aat cat gtt gaa gtg aag aat 
Leu Leu Met Phe Gly Glu Asp Leu Asp Asn His Val Glu Val Lys Asn 
205 210 215 

gta ctt gta gaa atg ggt acc tat ttt caa gtg cag gac gat tat eta 
Val Leu Val Glu Met Gly Thr Tyr Phe Gin Val Gin Asp Asp Tyr Leu 
220 225 230 2 35 

gac tgt ttt ggt get ccc gag gta att gga aag att gga aca gac att 
Asp Cys Phe Gly Ala Pro Glu Val He Gly Lys He Gly Thr Asp He 

240 



245 



250 



gaa gac ttt agt tea tgg eta gtt gta aaa get ttg gaa ctt gec aat 
Glu Asp Phe Ser Ser Trp Leu Val Val Lys Ala Leu Glu Leu Ala Asn 

255 260 265 

gag gaa caa aag aaa gtc eta cat gaa aat tat gga aaa aaa gac ccc 
Glu Glu Gin Lys Lys Val Leu His Glu Asn Tyr Gly Lys Lys Asp Pro 
270 275 280 

tct teg gtt gca aaa gtg aag gaa eta tac aac act eta aat ctt cag 
Ser Ser Val Ala Lys Val Lys Glu Leu Tyr Asn Thr Leu Asn Leu Gin 
285 290 295 

ggc gta ttt gaa gat tat gag age cac agt tac aag aag eta ate acg 
Gly Val Phe Glu Asp Tyr Glu Ser His Ser Tyr Lys Lys Leu He Thr 
300 305 310 315 

tec att gaa ggt cac cca age aaa gec gta caa gca gtg ttg aaa teg 
Ser He Glu Gly His Pro Ser Lys Ala Val Gin Ala Val Leu Lys Ser 

320 325 330 



481 



529 



577 



625 



673 



721 



769 



817 



865 



913 



961 



1009 



45 



50 



ttc ttg gga aag ata tac aag agg caa aag 
Phe Leu Gly Lys He Tyr Lys Arg Gin Lys 

335 340 



t aggtaattta tcctaccaaa 



taattttttt gtgtttttac tatgtgtaat aagatttcta cattgtttgt aacaactgtt 
ttgtagtttc tggattcgtc gtttttaatg ttctttattg acaatttttt tgagttattt 
gttggattac gagtaggtcg aaattttgta atatcaattg ggctagatgg ttagacttta 
acattcgtga cgctattttg taatctttcg ggttccagct tettgetgge ccagtttcta 
tatcttgtta tatagaagtt tcgccgttca aaaaaaaaaa aaaaaaa 



1060 



1120 
1180 
1240 
1300 
1347 



55 
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<210> 2 

<211> 341 

<212> PRT 

<213> Helianthus annuus 



<400> 2 

Met Ala Ser Asp Leu Lys SerLys Phe Leu His Val Tyr Gin Thr Leu 
15 10 15 

Lys Ser Glu Leu Leu Asn Asp Pro Ala Phe Glu Phe His His Asp Ser 

20 25 30 

Arg Gin Trp lie Asp Lys Met Leu Asp Tyr Asn Val Pro Gly Gly Lys 
35 40 45 

Leu Asn Arg Gly Leu Ser Val Val Asp Ser Tyr Gin Leu Leu Lys Gly 
50 55 60 

Ala Glu Leu Thr Asp Asp Glu He Phe Leu Ala Ser Ala Leu Gly Trp 
€5 70 75 ' 80 

Cys He Glu Trp Leu Gin Ala Tyr Phe Leu Val Leu Asp Asp He Met 

85 90 95 

Asp Gly Ser His Thr Arg Arg Gly Gin Pro Cys Trp Phe Arg Leu Pro 

100 105 4 no 

Lys Val Gly Met He Ala Ala Asn Asp Gly Leu He Leu Arg Asn His 
115 120 125 

Val Pro Arg He Leu Lys Lys His Phe Arg Gly Lys Pro Tyr Tyr Val 
130 135 140 

Asp Leu Val Asp Leu Phe Asn Glu Val Glu Phe Gin Thr Ala Ser Gly 
145 ISO 155 160 

Gin Met He Asp Leu He Thr Thr Leu Val Gly Glu Lys Asp Leu Ser 

165 170 175 

Lys Tyr Ser Leu Ser lie His Arg Arg He Val Gin Tyr Lys Thr Ala 

180 185 ' 190 

Tyr Tyr Ser Phe Tyr Leu Pro Val Ala Cys Ala Leu Leu Met Phe Gly 
195 200 205 

Glu Asp Leu Asp Asn His Val Glu Val Lys Asn Val Leu Val Glu Met 
210 215 220 

Gly Thr Tyr Phe Gin Val Gin Asp Asp Tyr Leu Asp Cys Phe Gly Ala 
225 230 235 240 

Pro Glu Val He Gly Lys He Gly Thr Asp He Glu Asp Phe Ser Ser 

245 250 255 

Trp Leu Val Val Lys Ala Leu Glu Leu Ala Asn Glu Glu Gin Lys Lys 

260 265 270 

Val Leu His Glu Asn Tyr Gly Lys Lys Asp Pro Ser Ser Val Ala Lys 
275 280 285 

Val Lys Glu Leu Tyr Asn Thr Leu Asn Leu Gin Gly Val Phe Glu Asp 
290 295 300 
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Tyr Glu Ser His Ser Tyr Lys Lys Leu He Thr Ser He Glu Gly His 
305 310 315 320 

Pro Ser Lys Ala Val Gin Ala Val Leu Lys Ser Phe Leu Gly Lys I } e 

325 330 335 

Tyr Lys Arg Gin Lys 

340 



Claims 



1 . A method for increasing chlorophyll contents, vegetative growth, and delayed senescence in leaves and seed pro- 
duction in tobacco plants relating to control plant, comprising the steps of introducing a recombinant plant expres- 
sion vector including a nucleic acid construct and a promoter into a tobacco plant cells and growing the cells into a 
plant, wherein the nucleic acid construct comprises isolated cDNA nucleotide sequence that encodes the protein 
of Sequence Listing ID No. 1 . 

2. The method of claim 1 , wherein said cDNA nucleotide sequence is isolated from seedlings of Helianthus annus. 

3. The method of claim 1 , wherein said recombinant plant expression vector is pCIP-sfps (KCTC 0520BP). 

4. Transgenic tobacco plant produced by the method of claim 2. 

5. Transgenic tobacco plant comprising a construct, wherein the nucleic acid construct contains the isolated cDNA 
nucleotide Sequence Listing ID No. 2, and wherein the nucleotide sequence is isolated from seedlings of Helian- 
thus annus or is synthetic. 

6. The method of claim 1 , wherein the nucleotides sequence is Sequence Listing ID No. 1 . 

7. A DNA fragment as claimed in claim 1 , wherein the DNA sequence is encoded substantially by a sequence con- 
tained in (Agrobacterium tumefaciens or baculovirus or whatever) strains, KCTC No. 0520BP. 

8. A DNA fragment as claimed in claim 7, wherein said promoter is selected from the group consisting of a bacterial 
promoter, a plant promoter and a virus promoter. 

9. A DNA fragment as claimed in claim 8, wherein said promoter is a bacterial promoter and a plant promoter and a 
virus promoter. 

10. A hybrid vector comprising a DNA fragment as claimed in 1 , wherein said vector is capable of being transferred to 
and replicating in a host. 

1 1 . A transformed host comprising the hybrid vector as claimed in claim 1 0. wherein said host is capable of expressing 
the DNA fragment. 

12. A transformed host comprising the DNA fragment as claimed in claim 1 , wherein said host is capable of expressing 
the DNA fragment. 

13. A process for the production of farnesyl pyrophosphate synthase in vitro comprising the steps of providing a DNA 
fragment as claimed in claim 1 , transferring said DNA fragment to a host cell to produce a transformed host cell and 
cuituring said transformed host in a suitable medium for the production of farnesyl pyrophosphate synthase usinq 
said SFPS gene in vitro. 



14. 



A process for the production of farnesyl pyrophosphate synthase in vivo comprising the steps of providing a DNA 



EP 1 063 297 A1 

fragment as claimed in claim 1 , providing a DNA fragment to a host cell to produce a transformed host cell and cul- 
tunng said transformed host in an environment that is suitable for the production of the flower and seed in plants. 

15. A transformed host as claimed in claim 13, wherein said host is selected from a group consisting of a plant a bac- 
tenum, a yeast and a fungus. * 

16. A transformed host as claimed in claim 14, wherein said host is a plant. 

17. A transformed host as claimed in claim 16. wherein said plant is selected from the group consisting of a tobacco 
species, a grass species and a perennial plant species. 
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Fig. 4a 
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Fig. 5a 
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Fig. 5c 
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